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ABSTRACT 
Micro-satellite with weight of 50-100 kg or less has unique characteristics and various merits 
compared to existing large, middle and, even small (~200-300 kg) satellites. With advanced sensors, 
the micro-satellites could play important roles as an operational tool in many applications including 
climate studies and disaster management in the very near future. Here we would propose and discuss 
the establishment of international organization, "Asian micro-satellite consortium" (AMC), which 
promotes and accelerates the micro-satellite development and the discussion of data utilization. In 
AMC we will discuss the possibility of future projects, such as “super constellation” involving more 
than tens of microsatellites and unmanned air vehicles (UAVs) under international collaboration. At 
this moment, institutes/universities in about 10 countries in SE-Asia show strong interest in 
that collaboration. 
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Introduction 
Remote-sensing with satellite is one of the most strongest way to monitor the earth without 
doubt. However, large satellite is expensive and sometimes its development takes about 10 years or 
more. Here we consider micro-satellite with weight of 50-100 kg or less, which has unique 
characteristics and merits compared to existing large, middle and, even small (~200-300 kg) satellites. 
With advanced sensors, the micro-satellites could play important roles in various applications 
including climate studies, disaster management, smart agriculture and fisheries in the very near future. 
Hokkaido University has been developing micro-satellite technologies and promoting data utilization 
involving experts in wide-ranging research fields together with Tohoku University and other 
institutes/universities. We introduce advantages of micro-satellite with advanced sensors and discuss 
the future applications, considering the combination with ground observing facilities.  
 
Advantages of Micro-satellite 
Advantages of 50-100kg class micro-satellite would be a key for future space development 
dedicated to climate studies, disaster management, and smart agriculture and fisheries. Its 
characteristics and merits compared to middle and large sized satellite are: 1) low cost fabrication 
compared to middle or large sized satellite, namely, 2-4 M USD for BUS and 1-2 M USD for mission 
payloads. The launch cost will be about 2-3 M USD as piggyback and 5-6 M USD as scheduled 
launch, 2) quick fabrication: about one or two years for flight model would be sufficient, enabling 
application of the latest technologies, that could be even better than existing equipments onboard large 
satellites, 3) on-demand operation in order to obtain detail information at a point of interest, and 4) the 
low cost and quick fabrication make us possible to launch not a small number of satellites and operate 
them as a network, which is called as constellation flight. In order to make the utilization of 
micro-satellite, the highly-functionable advanced optical and radio-wave sensors are essential, 
especially in conducting spectral imaging and radar measurement. On the other hand, UAV 
(uninhabited airborne vehicle) has a great potential in measuring local area with higher spatial 
resolution than satellite with lower cost as well as “test bed” of spacecraft equipment in developing 
phase. The important thing is to find the “best mix” among micro-satellite, larger satellite, UAV and 
ground equipment.  
 
Advanced Sensor development for Micro-satellite 
Hyperspectral data will be one of the main players in optical remote-sensing from space in the 
future, though there exist only few large satellites which carry hyperspectral imager at this moment. 
For example, if we want to classify tree species or to estimate growth rate of trees or grasses in order 
to conduct effective carbon management related to REDD+, the 3 color (RGB) imaging is absolutely 
insufficient. However, at this moment, the very limited satellites carry hyperspectral sensor using 
grating device, which is generally heavy, large and expensive compared to multicolor camera with 
filters and its typical spatial resolution is only 30 m/s. Hokkaido University has been developing a 
super multicolor camera using LCTF (Liquid Crystal Tunable Filter) technology. We can select any 
colors with bandwidth of about 20 nm (5 nm in the future) in the range of 420-700 nm or 650-1050 nm 
at 1 nm step, just controlling voltage for liquid crystal. This kind of LCTF camera is the only 
instrument that satisfies both precise spectral measurement and high-spatial resolution up to 5 m (2.5 
m in the future) GSD.  
Hokkaido University also has been developing thermal infrared camera using “commercial 
grade” micro bolometer array technology, which is very useful to measure the surface temperature of 
ocean, ground and cloud. Especially this camera may play an important role in detecting forest fire in 
the future. The costs of those micro-satellite sensors are 1/10 or less than normal IR sensors used in 
space missions. But their absolute temperature and resolution are about +/- 3 K and +/-0.1 K, 
respectively, which are good enough for various purposes.   
All those advanced sensors are small and light, and require less power consumption, which are 
very well match to micro-satellite or UAV. The first LCTF camera will be onboard RISING-2 
launched in May 2014 and RISESAT planned to be launched in a couple of years. 
Also Hokkaido University is promoting the development of active sensors collaborating with 
other university and institute. We are very much positive to realize the SAR micro-satellite with Chiba 
University. On the other hand, LIDAR would be another key technology which could provide 
information not only on the surface structure of forest, land or cloud, but also on the spectral data with 
very narrow bandwidth of wavelength. We should consider all these passive and active methodologies 
in order to maximize the output of micro-satellite. 
 
 
Potential of Micro-satellite Constellation 
 The constellation realizes a frequent monitoring from the low earth orbit. If we inserted 48 
satellites into proper orbits, we can watch any location in the world about every 7.5 min. Since the 
time duration of one satellite passage over a certain place is 10-15 min, the 7.5 min interval means 
actually continuous monitoring. Here we suggest the establishment of such “super constellation” with 
micro-satellites (Figure 1). Though it’s not easy to launch and operate more than several tens of 
satellites by single country, if several or 10 countries establish a consortium and each country launches 
5 or 10 micro-satellites, the total number could be easily over 50. On the other hand, each owning 
countries would like to operate satellites for their own purposes. One solution might be that the a 
certain percentage of machine time of the satellite, for example, 80 percent, is used for their own 
purposes, but 20 percent should be remained for international public use, such as serious disaster 
monitoring or periodic survey dedicated to such as climate study planned by international committee. 
In order to construct the effective and practicable constellation, the key would be standardized 
remote-sensing payloads with optimized satellite BUS and establishment of the new methodology for 
ground network for micro-satellites tracking. Further, combining larger satellites designed for heavy or 
large payloads such as SAR with higher resolution or hyperspectral sensor, this micro-satellite 
constellation would be a part of this comprehensive collaboration  (Figure 2). 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Schematic drawing of super constellation with 48 micro-satellites 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Concept of satellite coordination for earth observation 
 
 
Suggestion of Asia Micro-satellite Consortium 
We would propose and discuss here the establishment of international organization, "Asian 
micro-satellite consortium" (AMC), which promotes and accelerates the micro-satellite development 
and the discussion of data utilization. Note that having the on-going micro-satellite project is not a 
necessary condition to join this consortium. AMC will consist of a domestic working group in each 
country. The each working group is composed of 3 parts: BUS development team, payload 
development team and data user team, involving various field scientists or engineers, such as forestry, 
agriculture, fishery, flood, meteorology, climate, ionospheric/magnetospheric science, etc. The 
schematic concept is shown in Figure 3. Also in AMC we will discuss the possibility of future projects, 
such as “super constellation” consisting of more than tens of microsatellites and unmanned air vehicles 
(UAVs) under international collaboration. Examples of the basic functions of AMC might be 1) 
information exchange not only in hardware development but also in data utilization methodologies 
such as estimation of carbon fixation for RED++, identification of the best fishing place, the first 
detection of forest fire, 2) international people-to-people exchange, 3) capacity building, 4) organizing 
workshops and TV conferences, 5) discussion of future missions including super constellation. At this 
moment, we are contacting and encouraging institutes/universities in more than seven countries in 
SE-Asia to be the founding member of AMC. Most of the institutes are interested in and/or basically 
agreed to the concept of AMC and we would like to establish AMC formally in this conference or 
focus meeting in the near future. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Concept of Asian Micro-satellite Consortium (AMC) 
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